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» The DS1 Beacon Monitor Operations Experiment (BMOX) was to
~ demonstrate a new approach in mission operatlons whlch can lower
~ mission operations costs ‘ ‘

5 '.peratlons Concept

e The s/c analyzes on-board engmeermg data, determmes its health state nd
the need for ground contact, maps health states into a limited set of

urgency—based short messages, and transmits this message to the ground

The ground detects the message, and responds accordingly
. BMOX Experiments
~_ Data Summarization, Tone (message) Selector Ground Visualization

- Tone detection and message dehvery .
. Charactenze operational perfonnance | e |
+ Demonstrate automated signal detectlon and message dehvery operatzons
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Operational Concept
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| DSl Tone Signal Structure

'our messages: Nominal, Interestmg, lmportant and Urgent

o . Each message |s represented by a pair of tones with a umqiu‘e .

~spacing.
Each tone pair is generate ,dulating the RF carrier with a

o subcamer frequenmes are 0,25 and 20 KHz
*tors determanmg tone spacing: frequency stabllrty,‘;
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initions

~ Possible Message De:

: )Def’ mtmn G
75?Spacecraft is nominal, all ﬁunctlons are perfomnng as expected
‘ No need to downlink. «

Estabhsh communication with the ground when convement to
Interesting download engineering summary or telemetry o

ko . | The spacecraft needs scrvmmg Commumcatlon with the ground
o f‘Impo;rtant needs to be achieved within a certam tlme

Spacecraﬁf"e‘m cy ; A critical component of the spacecraft
| failed. & -

“« I Beacon mode is not opefaﬂng
| Spacecraft telecom or ground eqmpme'
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~ Xtone and KTone Experiments

 September21,1999 = DSI Tone DetectionffExﬁéi’ilﬁents - MKS/GL/SF/EIW/DM:6




Sample Tone Detection Report

' Date: Thu, 18 Mar 1999 15:58:23 0800 (PST)
From: Gabor Lanyi <gelt@psdg jpl.nasa.gov> .
Identifier: ds1.dss13.990318-154828.077-224731 003

Detected Parameters

Status: signal detected

Signal | Frequency Detected(kﬂz) -~ 1999453 ..
 Carrier. Frequency Estimated(GHz): © . BA471804271

Frequency Rate Detected(Hz/s) . 006

Power Signal to Noise Ratio Estlmated(dB—Hz) 50

Missed | Detection Probabili ity Qbserved< 1.0e-10

_ 54e-06

Falsc Det:ectlon "Pm, ility

’ Iuput Parameters

Carrier Frequency PredictediGHz):

Probability of False Detection_Criterion: 1

‘Threshold from Prob Fals Det(dB—Hz) ... 36

Power Slgnal to Noise Ratio Predlcted(dB-Hz) 100

Missed_Detection Ptobablhty Predicted: = 1.0e-02 ,,

Start Time: 99/077/23/101‘00
- No of - Fourier Transforms: 15

Duration uf Fourier Transfomn(s) o 1.00
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Detectlon Algorith:

Lower Sldebands«, - | Upper Sldebands

f4 . f:? f:z | fI , fc (Nominal)
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_ Combme lower and
~ upper sidebands:

‘ ,

,{é

- F fézepeat for other tone patrs select max, & compare
- h thres mak ”‘;detectlon decision.
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Aligning and Combining Improves Si

e
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ik Methodology

Summary of Experim
X-Tone

~ + Conducted 7
* Objectives

— Check out the functionality of the tone detectlon and message delivery
system characterize Operatlonal performance, o obtam parameter llmlzi o

— Tones were pre-selected (unknown to ;{fe;ilMOX team), sequenced, and
uploaded to the spacecraft .

/' .,_.  Post-pass comparisons against uploaded sequences or s/c TLM were made
“ to Vahdate detection results o

= 5 snccessﬁll passes and 2 partlal successfu l;,;‘z;asses -
~ + DSS-13 antenna computers down, strong wind halted antenna . =
. Large frequency offset ~ ~

fcf -

Lowest detectlon Szé R ~5 dB-Hz based on prehmmary analy31s -
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Summa;?;; of Experiments:
Ka—Tone and Btransmit

Conducted 1 Ka-Tone experlment
— Objectwe to demonstrate tone signaling and detection at Ka-band
- Results Ka-tones were SUCCGSST ully detected -

Conducted 3 Btrans

- .bjectlve to demonstrate end—to end operatlons from tone selec,}é"‘on by on-

~ board: software to slgnal detection and message dehvery on the ground
— Methodology ‘

. Tones were selected by on-board software using. engmeermg summary da g

. Post-pass companson Wlth s/c telemetry was made to vahdate exper:tment
L e 0 5

e Results 3 successful selectionsand detectlons
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Frequency Offset and Max. Frequency Drift Rates

Initial Frequency Offset and Max Frequency Drift Rate

Drift Rate, Hz/s

-

Initial offset, Hz

Freq. Unceratinty

Frequency Offset, Hz

>
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. Unceratinty budgeted, Hz
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- Conclusions and Future Plan

Lessons lea ;ed
_ Tnitial frequency uncertamty is larger than antlclpated
— Ways to reduce frequency offset is needed
~ » Future plan . ,
= Complete data analysis to characterize operatlonal performance

= Infuse technology to DSl mission ops
. Automate srgnal deteetxon and message delivery operation&

- Improve very weak mgnal search algorithm
- — Use auxiliary oscillator temperature data to 1mpmve frequency predrcts
-« Possible future applications g g e

— Pluto—Kuaper Express
— Europa Orbiter
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DSlTone Detection Exﬁeriments: History andCu;rrent Status

Miles K. Sue, Gabor Lanyl, Susan G Finley, Dav'd~~Morab1to and E.J. Wyatt
Jet Propulsion Laborato -
Pasadena, California
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- A new approach to mission operations, sometimes referred to as "Beacon MOnltor or "Beacon Mode", is being
. SA' New Mlllenmum Program Deep Space One (DSl) In thls approach the spacecraft

f mgnahng scheme being evaluated on DS1 uses 4 pair of tones each representmg a unique message. The
_ signaling. schememand,,theoretlcal performance will be reviewed. The results of various tone experiments e
_ performed on DS1 and lessons learned will be described. We w111 also discuss the potential future use of tlns .
. technology L

- Tlns waork was performed at the Jet Propuls 'iléﬁoratofy, Califui'nﬁ Ins tute of Technology, under contract w1th the National Aeronautics and Space Administration.



